WAVE3, an actin cytoskeleton remodeling protein overexpressed in many kinds of cancers, has been associated with a lot of metastatic diseases. However, the role and mechanisms of the high expression of WAVE3 in human gastric cancer has not been fully elucidated. Here we demonstrated that WAVE3 was expressed in all six kinds of gastric-cancer cell lines: BGC-823, SGC-7901, AGS, MGC803, MKN28 and MKN45. Furthermore, a correlation was found between aggressiveness of these cell lines and expression of WAVE3. Next, we investigated the role of WAVE3 in SGC-7901 cells and found that upregulating WAVE3 could promote the migration, invasion and proliferation of SGC-7901 cells in vitro. It has been reported that WAVE3 could induce cancer invasion and metastasis by participating epithelial-mesenchymal transition (EMT). However, the mechanisms are not entirely clear. In this study we showed that elevated WAVE3 levels could induce EMT in SGC-7901 cells by dampening the expression of E-cadherin while increasing the expression of vimentin. Elevated WAVE3 levels could also improve the expression of transcription factor Snail. In addition, downregulating Snail could particularly reduce EMT and the metastasis, invasion and proliferation activity in SGC-7901 cells elevated by overexpression of WAVE3. Taken together, we demonstrated that WAVE3 promoted gastric-cancer-cells migration and invasion by taking part in EMT via upregulation of Snail. WAVE3 could be a useful target for gastric-cancer prevention and therapy.
INTRODUCTION
Gastric cancer is one of the most common cancer in digestive system worldwide. Advances in diagnostic and therapeutic approaches have led to excellent expectations for long-term survival for the early gastric cancer victims. 1, 2 However, the valid therapeutic methods for advanced gastric cancer with invasion and metastasis remain limited and poor. 3 To improve the treatment of these patients, the molecular mechanisms of gastriccancer invasion and metastasis must be understood.
Epithelial-mesenchymal transition (EMT) is considered to be the initial step of tumor invasion and metastasis. [4] [5] [6] In the process of EMT, epithelial-cells modulate their epithelial phenotype and acquire mesenchymal-like properties accompanied by the disruption of intercellular adhesion and enhancement of cell invasion motility. [7] [8] E-cadherin is one of the most important epithelial marker and decreased expression of E-cadherin is one of the important sign of EMT. [9] [10] An increasing number of transcription factors have been implicated in the repression of E-cadherin expression, including snail/slug family, Snail, ZEB and so on. [11] [12] Snail encodes zinc-finger proteins and can directly connect the E-BOX on the E-cadherin gene promoter to reduce E-cadherin expression and then leads to the occurrence of EMT. 12 Intriguingly, increased Snail expression is detected in metastatic gastric-cancer cells and is required for EMT and gastric-cancer cells migration and invasion. 13 WAVE3, a member of the WASP (Wiskott-Aldrich syndrome protein)/WAVE actin cytoskeleton remodeling family of proteins, is critical for the motility, migration and invasive properties of cancer cells.
14 More importantly, Taylor et al. 15 reported in 2013 that WAVE3 expression is required in mediating the initiation of EMT programs stimulated by TGF-β. They also suggested that measures capable of inactivating WAVE3 may have a role in alleviating metastasis stimulated by TGF-β. 15 Although the overexpression of WAVE3 in cancer cell lines has been confirmed to play a role in the development of gastric cancer, there are a few reports about the correlation between WAVE3 expression and EMT factors, especially Snail, to determine its clinical significance in gastric cancer. Thus, to further explore the role and possible mechanism of WAVE3 in the invasion and metastasis of gastric cancer, we used gastric-cancer cell lines: BGC-823, SGC-7901, AGS, MGC803, MKN28 and MKN45. We demonstrated the presence of WAVE3 in gastric-cancer cells and that WAVE3 activation took part in the invasion and metastasis of gastric-cancer cells by participating in EMT via Snail.
MATERIALS AND METHODS

Cell lines and cell culture
Human gastric-cancer cell lines (BGC-823, SGC-7901, AGS, MGC803, MKN28 and MKN45), and normal gastric-mucosa cell line (GES-1) were cultured in Roswell Park Memorial Institute (RPMI) 1640 medium with 10% fetal bovine serum. The cells were cultured at 37°C in a humidified atmosphere containing 5% CO 2 . All of these cells were purchased from the cell bank of Chinese academy of sciences within 4 years. Human fibroblast cell line NIH/3T3 was supplied by Professor Ziming Dong (Zhengzhou University) and also was cultured in RPMI-1640 medium. The supernatant was collected when NIH/3T3 cells were grown in the logarithmic-growth phase, and then was centrifuged at 12000 r.p.m. at 4°C. The supernatant was packed and reserved at −70°C. All other reagents were obtained from Sigma (St Louis, MO, USA) unless stated otherwise.
PCR with reverse transcription
Total RNA in each group was isolated by TRIzol reagents. 5 μg of total RNA was used to generate the first strand of DNA using the High Capacity cDNA 1 Reverse Transcription Kit according to the manufacturer's protocol. One-tenth of the complimentary DNA mixture was used as the template for the subsequent PCR amplification. Reverse transcription reaction was optimized using TaqDNA polymerase for the linear range of cDNA amplification. mRNA levels of WAVE3, Snail, E-cadherin, Vimentin were evaluated by PCR using the primers in Table 1 . PCR conditions were as follows: 94°C for 40 s, then followed by 30 rounds of amplification: 95°C for 40 s, 55°C(WAVE3)/ 50°C(Snail)/55°C(E-cadherin)/50°C(Vimentin) for 40 s, 72°C for 40 s. Expected lengths of the amplified products for WAVE3, Snail, E-cadherin, Vimentin and β-actin were 226, 203, 490, 330 and 294 bp respectively. The amplified products were separated on a 1.5% agarose gel, and scanned by SYNGENE gelatin image analyzer. All studies were done in triplicates.
Western blot
Cells were harvested and lysed in modified radioimmune precipitation assay lysis buffer with 150 mM NaCl, 1% Nonidet P-40, 1 mM EDTA, 0.5% deoxycholic acid, 2 μg/ml aprotinin, 1 mM phenylmethylsulfonyl fluoride, 5 mM benzamidine, 1 mM sodium orthovanadate and 10 μg/ml soybean trypsin inhibitor in 50 mM Tris buffer, pH 7.4. The proteins were separated by SDS-PAGE gel electrophoresis and then transferred onto a PVDF (polyvinylidene fluoride) membrane. After blocking with 0.1% Tween 20 and 5% nonfat-dry milk in Tris-buffered saline at 4°C overnight, then the membrane was incubated with primary antibody (WAVE3, 1:1000; Snail, 1:500; E-cadherin, 1:500; vimentin, 1:1000) at room temperature for 2 h, and then incubated with horseradish peroxidase-conjugated secondary antibody (1:4000) for 1 h. The membranes were developed with ECL kit (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and exposed to X-ray film. β-actin was used as loading control. The density of the bands on the membrane were scanned and analyzed with an image analyzer (LabWorks Software, UVP, Upland, CA, USA). All analyses were performed in triplicate.
Plasmid
The pcDNA3.1-WAVE3 eukaryotic expression vector was constructed by our laboratory. Briefly, the pcDNA3.1-WAVE3 was obtained by cDNA library subclone and verified by sequencing. SGC-7901 cells were transfected with WAVE3 expression plasmid or pcDNA3.1 control vector with Lipofectamine reagent in serum-free RPMI-1640 medium according to the manufacture's instruction and were selected with G418. Efficacy of transfection was tested in SGC-7901 cells by RT-PCR or western blot. All studies were done in triplicates.
Snail gene silencing
Snail siRNA(the sequences: sense: AGUUGAAGGCCUUUCGAGCCU, antisense: GCUCGAAAGGCCUUCAACUGC) and nonsense siRNA (the sequences: sense: AUAUAAAUUAAGUCUUUCGGU, anti-sense: CGAAAGACUUAAUUUAU AUUU) were from Shanghai GenePharma Co.Ltd. Vacant SGC-7901 or SGC-7901 cells stably transfected with pcDNA3.1-WAVE3 were transfected with 100 nM specific Snail siRNA or nonsense siRNA for 48 h, using Lipofectamine™ reagent in serum-free 1640 medium according to the manufacture's instruction. Untreated SGC-7901 cells were used as a negative control. Efficacy of transfection was tested in SGC-7901 cells by RT-PCR (PCR with reverse transcription) and western blot.
Cell proliferation assay
The proliferation of SGC-7901 cells in different groups were examined using CCK-8 kit (Tongren, Shanghai, China) according to the manufacturer's instructions. Briefly, the cells were seeded into 96-well plates with 5 × 103 cells/well and cultured for 24 h, 48 h and 72 h, respectively. Then 10 μl CCK-8 solution was added to each well and incubated for 1 h. The absorbance at 450 nm was measured using a microplate reader at different time intervals (24 h, 48 h, 72 h). Results were representative of three individual experiments in triplicate.
Invasion assay
The invasion ability of SGC-7901 cells in different groups were detected using 24-well transwell cell culture chambers (6.5 mm diameter, 8.0 μm pore size, polycarbonate membrane, Corning, Corning, NY, USA). Briefly, SGC-7901 cells were suspended in serum-free RPMI-1640 medium and counted. Then 5 × 10 4 cells were added to the upper chamber, whereas lower chamber was filled completely with medium containing the supernatant of NIH/3T3 cells. After 24 h of incubation, the cells in the upper chamber were carefully removed with a cotton swab, and the cells that had migrated through the membrane to the lower surface were fixed with 90% methanol and stained with 0.1% crystal violet. The stained cells were counted under a microscope in five randomly selected fields. At least three chambers from three different experiments were analyzed.
Wound-healing assay SGC-7901 cells in different groups were seeded into six-well plates and allowed to grow to 70% confluency in RPMI-1640 medium. An artificial homogenous wound was created onto the monolayer with a sterile 10 μl tip. After scratching, the cells were washed with serum-free medium. Images of cells migrating into the wound were captured after 24 h by an inverted microscope.
Statistical analysis
The results were expressed as mean ± s.d. Statistical analysis was performed using Student's t-test or by a one-way or two-way analysis of variance test followed by Tukey's test. Po0.05 was considered to be statistically significant.
RESULTS
Expression of WAVE3 in human gastric-cancer cell lines
To examine the expression of WAVE3 in human gastric-cancer cell lines, BGC-823, SGC-7901, AGS, MGC803, MKN28 and MKN45 cells were detected by RT-PCR and western blot. The expression of WAVE3 in GES-1 cells was used as control. As shown in Figure 1a , WAVE3 mRNA expressed in all these six kinds of human gastric-cancer cell lines. And the results of WAVE3-protein expression detected by western blot ( Figure 1b) were identical to the results from RT-PCR. The mRNA and protein expression of WAVE3 in these six kinds of human gastric-cancer cell lines were all higher than that in normal gastric-mucosa cell line. 16 (Po0.01). Furthermore, a correlation was found between aggressiveness of the cell line and expression of WAVE3 in these six kinds of gastric-cancer cell lines, MGC803 cells with high aggressive ability revealed higher WAVE3 mRNA and protein expression, whereas SGC-7901 with low aggressive ability showed the lowest WAVE3 mRNA-and protein-expression (Po0.05).
Upregulating WAVE3 promoted gastric-cancer cells migration and invasion in vitro To evaluate whether WAVE3 played an important role in the proliferation, migration and invasion of esophageal squamous cell carcinoma cells, we increased the expression of WAVE3 in gastriccancer cell line: SGC-7901 cells by transfection with pcDNA3.1-WAVE3. SGC-7901 cells trasfected with pcDNA3.1 or blank SGC-7901 cells were used as controls. As shown in Figure 2a and b, the relative mRNA and protein expression of WAVE3 in SGC-7901 cells transfected with pcDNA3.1-WAVE3 were significantly higher compared with the cells transfected with • Po 0.05 vs BGC-823, AGS, MGC803, MKN28 and MKN45. The expression of WAVE3 in all six kinds of gastric-cancer cell lines were higher than that in normal gastric-mucosa cell line: GES-1.
★ P o0.01 vs GES-1. could participate EMT by regulating the expression of epithelial marker: E-cadherin and mesenchymal marker: vimentin. Then we set out to identify the mechanism by which WAVE3 took part in EMT and and we focused on Snail, which is considered as master regulator of EMT and is set as an example for direct suppressor of E-cadherin. As shown in Figure 4a and b, RT-PCR and western blot assay demonstrated that increasing expression of WAVE3 significantly increased the expression of Snail compared with control cells (P o0.05). Snail could be a target gene for WAVE3, for the next step we wanted to explore the role of Snail in WAVE3-mediated EMT. 
DISCUSSION
WAVE3, a member of a WASP protein family controlling actin polymerization, has a profound effect on motility and invasion of cancer cells. 18, 19 The proteins of this family regulate actin polymerization through the recruitment of the Arp2/3 protein complex via a verprolin-cofilin-acidic domain at the C terminus. 20, 21 Although, WAVE3 was frequently overexpressed in many human cancers, their expression in gastric cancer is seldom studied. In the current study, we showed that WAVE3 expression in all six kinds of gastric-cancer cell lines, BGC-823, SGC-7901, AGS, MGC803, MKN28 and MKN45, and WAVE3 expression was mainly localized in the cytoplasm (data not shown). The mRNA and protein expression of WAVE3 in these six kinds of human gastriccancer cell lines were all higher than that in normal gastricmucosa cell line. More importantly, the expression of WAVE3 in all the three gastric-cancer cell lines was found to be positively correlated with the aggressiveness of the cell line: MGC803 with high aggressive ability revealed the highest WAVE3-mRNA and -protein expression, whereas the low aggressive gastric-cancer cell line, SGC-7901, with the lowest WAVE3-protein expression. In order to further reveal the role of WAVE3 in migration and invasion of gastric-cancer cells, we picked up SGC-7901 cells with low WAVE3 level for study. We employed pcDNA3.1-WAVE3 to enhance the mRNA and protein expression of WAVE3 in SGC-7901 cells and found that with the overexpression of WAVE3 the SGC-7901 cells which traversed the matrigel-coated membrane increased greatly compared with that in control groups, simultaneously, the wound-healing ability of these SGC-7901 cells was speeded up remarkably. High proliferation ability is essential for invasion and metastasis of cancers, and our study demonstrated that with the high expression of WAVE3, the proliferation of SGC-7901 cells also increased greatly. These findings indicated that WAVE3 expression is associated with the metastasis of gastriccancer cells. However, the underlying mechanism is poorly understood.
Tumor metastasis is a multistep process by which tumor cells disseminate from their primary site and form secondary tumors at a distant site. EMT has been shown to have a critical role in promoting metastasis in epithelium-derived carcinoma. 17 Many of the hallmarks EMT effector molecules are subcellular structure proteins that demarcate the epithelial or mesenchymal identity of a cell. Among them, E-cadherin is regarded as a gatekeeper of the epithelial state in various epithelial-cell types. 22 Furthermore, intermediate filaments are shown to switch from cytokeratin to vimentin during EMT and increased vimentin levels are also a consistent marker during various EMT events. 23 In recent years, some of the metastatic actions of WAVE3 could be explained by its role in epithelial mesenchymal transition. Here, we showed that upregulating WAVE3 in SGC-7901 cells by pcDNA3.1-WAVE3 led to reduced expression of E-cadherin, and increased expression of vimentin. These results suggested that WAVE3 could take part in the occurrence of EMT in SGC-7901 cells and perhaps through EMT WAVE3 participated in migration and invasion of gastriccancer cell lines.
Several transcription factors have been implicated in the transcriptional repression of E-cadherin, for example: Snail/Slug family, Snail, Zeb and so on, and Snail is the most important one. 24 Some studies indicated that Snail was implicated in the initial migratory phenotype of primary tumors and considered as an early marker of EMT. [25] [26] [27] In our study we showed that with the increased expression of WAVE3 in SGC-7901 cells, the Snail expression was increased simultaneously. Therefore, WAVE3 might take part in EMT in esophageal squamous cell carcinoma cells by modulating the expression of Snail. In order to further verify our hypothesis, we decreased the expression of Snail by using Snail siRNA in SGC-7901 cells which overexpressed WAVE3. The results of the present study showed that the downexpression of Snail induced the expression of vimentin and at the same time increased the expression of E-cadherin in SGC-7901 cells with overexpression of WAVE3. That meant Snail could partially impair the EMT, induced by overexpression of WAVE3 in SGC-7901 cells. Also, the downexpression of Snail impared the migration, invasion and proliferation of SGC-7901 cells promoted by overexpression of WAVE3. These data suggested WAVE3 could induce the EMT through activation of Snail in gastric-cancer cells.
In conclusion, our data indicated that WAVE3-induced EMT of human gastric-cancer cells and Snail might be an essential factor in this process. Participating in EMT might be the one major mechanism for WAVE3 to take part in the migration, invasion and proliferation of gastric-cancer cells. WAVE3 would hopefully become a target in gastric-cancer treatment in the not-sodistant future.
